Abstract: The wave energy in a shallow water location is evaluated considering the influence of the local tide and wind on the wave propagation. The target is the coastal area just north of the Portuguese city of Peniche, where a wave energy converter operates on the sea bottom. A wave modelling system based on SWAN has been implemented and focused on this coastal environment in a multilevel computational scheme. The first three SWAN computational belonging to this wave prediction system were defined using the spherical coordinates. In the highest resolution computational domain, Cartesian coordinates have been considered, with a resolution of 25 m in both directions. An in-depth analysis of the main characteristics of the environmental matrix has been performed. This is based on the results of eight-year model system simulations (2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012). New simulations have been carried out in the last two computational domains with the most relevant wave and wind patterns, considering also the tide effect. The results show that the tide level, together with the wind intensity and direction, may influence to a significant degree the wave characteristics. This especially concerns the wave power in the location where the wave converter operates.
Introduction
Wave energy represents at this moment the largest untapped form of renewable energy in the world. Ocean waves are consistent and sea states can be accurately predicted usually more than 48 h in advance. Besides predictability, another factor that makes wave energy particularly attractive for electricity generation, compared to the power density of solar or wind energy, is its high power density. This is the power per meter of wave front. From this perspective, in future decades, ocean waves are expected to produce at least 10% of the global energy demand [1] . Moreover, by 2050, the electric power delivered by wave energy farms could exceed the global installed capacity of wind and solar power together [2] .
The combination of the Earth's rotation and the westerly direction of the prevailing winds induces a high level of wave energy resources along the western coasts of the continents. This is especially true for locations where waves can travel without obstacles for thousands of miles. The coastal environment of continental Portugal satisfies these conditions [3] [4] [5] , since it is the westernmost country of Europe and is bordered on its west side by the Atlantic Ocean. That is why in recent years this nearshore has captured the interest of wave energy developers for implementing pioneering projects [6] .
The area of the present study, located north of Peniche, has a special feature that is caused by the vicinity of the Nazaré Canyon. This is the biggest underwater ravine in Europe. It runs 125 miles from the abyssal plain out into the Atlantic Ocean less than half a mile from the coastline. At its deepest point, the sea bed is more than 3 miles beneath the surface and it rises rapidly to a canyon "headwall". Thus, in the case of the Nazaré canyon, the fact that its head is situated near the shore causes a significant influence on the hydrodynamic and sediment transport processes. This leads to particular oceanographic conditions, intrinsically connected with its morphology. It has to be highlighted that only a few miles north from this area is Praia do Norte, near the fishing village of Nazaré. At that location the waves are famed for being among the largest in the world [7] . In this particular coastal area, the currents through the canyon combine with the swell driven by the wind from further out in the Atlantic. They converge as the canyon narrows and drive the swell directly towards the lighthouse that sits on the edge of Nazaré.
The wave height is influenced, among others factors, by the tidal conditions, due to wave-current interactions. A hindcast study has been conducted by Sebastião et al. [8] to determine the time history of the water level at the Portuguese coast resulting from tides and storm surges. Other studies have also addressed the modelling of tides at the Portuguese coast as well as the induced tidal currents [9, 10] . They show that the area north of Peniche is a site of intensified currents.
The WaveRoller device is installed near Peniche [11, 12] in a water depth of around 15 m. This area is located about 75 miles north of Lisbon and was identified as having high wave conditions [13] . After almost a decade of R&D in wave energy and after testing the prototype WaveRoller at the real scale at EMEC in Scotland and in Portugal, a second prototype was installed and tested in the Portuguese seas. It is a nearshore technology, designed to operate at a depth between 8-20 m and fixed at the sea bottom. It uses the horizontal movement of the waves at low depth to move its vertical wings. The WaveRoller device is in fact a vertical plate rotating an axis located at the bottom edge of the plate. The back and forth movement of bottom waves moves the plate and the motion produced moves a piston. This energy is further converted into electricity by a hydraulic system in combination with a hydraulic motor/generator device [14] .
Following extended marine trials of the WaveRoller prototypes in Peniche in 2007 and 2008, the wave energy farm consisted of three 100 kW WaveRoller units (total nominal capacity of the farm 300 kW). They were deployed in 2012 and are still in operation.
The main objective of the present work is to evaluate the influence on the wave conditions of some other components of the environment in the coastal area where the WaveRoller farm operates. This especially concerns the tide and the wind.
Wave Modelling in the Portuguese Nearshore
Nowadays, spectral phase-averaged wave models are among the most appropriate tools for providing reliable information related to wave conditions on large geographical spaces. For this purpose, some previous studies were performed in Centre for Marine Technology and Ocean Engineering (CENTEC). These consider a wave prediction system based on WAM (Wave Model) [15] , for the wave generation and propagation at the level of the entire North Atlantic Ocean, and SWAN (Simulating Waves Nearshore) [16] , for the wave transformation at the level of the western side of the Iberian Peninsula [17, 18] . This system was subsequently focused on the most relevant coastal areas, such as the Portuguese harbours [19, 20] . At the same time, extended validations have been carried out against nearshore in situ measurements [21, 22] . The tide influence was also considered in some high-resolution computational domains [23] .
Starting in 2008, this system has been implemented to produce operational forecast products of the main wave parameters [24] in the Portuguese continental coastal environment. The boundary conditions for SWAN were the 2D wave spectra from WAM, with 0.5 • spatial resolution and 1 h time resolution. Some data assimilation schemes have been also implemented in order to increase the accuracy of the wave predictions [25] [26] [27] . Using the same component considered for wave generation and ocean scale propagation, similar wave prediction systems were also focused on the Portuguese archipelagos, Azores and Madeira. They have been used there to assess the spatial distribution of the wave energy and to identify potential hot spots [28, 29] . Later on, in some studies, the WaveWatch III model (WW III) [30] , covering almost the entire North Atlantic basin, was considered instead of WAM as an alternative for providing the ocean forcing to SWAN. WW III, like SWAN and WAM, is a third-generation model that describes the evolution of the wave energy spectra in time, geographical, and spectral spaces. Besides Portugal [31, 32] , this scheme was also adopted for other areas applications [33] [34] [35] [36] . The first three computational domains considered in the present work and corresponding to its nearshore focusing are illustrated in Figure 1 . The target area is represented by the coastal environment north of the city of Peniche, where the WaveRoller farm operates. forcing to SWAN. WW III, like SWAN and WAM, is a third-generation model that describes the evolution of the wave energy spectra in time, geographical, and spectral spaces. Besides Portugal [31, 32] , this scheme was also adopted for other areas applications [33] [34] [35] [36] . The first three computational domains considered in the present work and corresponding to its nearshore focusing are illustrated in Figure 1 . The target area is represented by the coastal environment north of the city of Peniche, where the WaveRoller farm operates. Figure 1 . The geographical spaces of the first three computational domains considered for the SWAN model simulations (Levels I-III). In the background the bathymetry is represented, while in the foreground the most common pattern for the mean wave propagation is suggested.
The meanings of the quantities used in SWAN are displayed in Table 1 , and they are presented in more detail in the SWAN user manual [37] . The main characteristics of these quantities, the computational domains defined for SWAN simulations, and the physical parameterizations activated at each computational level are presented in Table 2 .
The wind used was obtained by the weather research and forecasting (WRF) model [38] . This is a mesoscale model with capabilities for forecasting and atmospheric research. Its development is a joint effort between the National Center for Atmospheric Research (NCAR), the National Oceanic and Atmospheric Administration, the National Centers for Environmental Prediction (NCEP), the Forecast Systems Laboratory (FSL), the Air Force Weather Agency (AFWA), the Naval Research Laboratory, the University of Oklahoma, the Federal Aviation Administration (FAA), and several other university scientists.
At this point, it has to be highlighted that the wind used in this study was based on the output of the WRF model, version 3.5.1 (http://www.wrf-model.org/index.php). This represents one of the latest versions released. The simulations were performed for a grid dimension of 96 × 148 (points) with a horizontal resolution of 9 km offshore the Portuguese coast [39, 40] . The initial and boundary conditions were retrieved from the data of the Meteorological Archive Retrieval System (MARS) with a 0.25° spatial resolution. The geographical spaces of the first three computational domains considered for the SWAN model simulations (Levels I-III). In the background the bathymetry is represented, while in the foreground the most common pattern for the mean wave propagation is suggested.
At this point, it has to be highlighted that the wind used in this study was based on the output of the WRF model, version 3.5.1 (http://www.wrf-model.org/index.php). This represents one of the latest versions released. The simulations were performed for a grid dimension of 96 × 148 (points) with a horizontal resolution of 9 km offshore the Portuguese coast [39, 40] . The initial and boundary conditions were retrieved from the data of the Meteorological Archive Retrieval System (MARS) with a 0.25 • spatial resolution. 
Considering the wave prediction system focused towards the target area, simulations have been performed for an eight-year period (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . As an example of the wave transformation in the Portuguese coastal environment in three subsequent computational levels, some results in terms of significant wave height scalar fields and wave vectors are illustrated in Figure 2 . This presents a relevant pattern of the wave propagation corresponding to average to high winter time energy conditions (the time frame 2011/11/18/h21).
On this basis (model system simulations for the eight-year time interval [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] , an analysis of the wave conditions in the vicinity of the external boundary of the local computational domain, denoted in Table 2 as Level III, has been carried out. This was performed in terms of significant wave height and wave direction and is presented in Figure 3 .
A similar analysis has been carried out in relation to the wind conditions and the corresponding results are presented in Figure 4 . The results presented in Figures 3 and 4 Following the analysis of the results presented in Figures 3 and 4 , four different relevant situations from the point of view of the magnitude of the significant wave height (Hs) have been defined. They are denoted as case studies and will be further considered and studied in more detail. The above case studies considered as more representative are: CSI-total average conditions; CSIIaverage wintertime conditions; CSIII-high (no storm) wave conditions, and CSIV-extreme wave conditions. For the conditions of the last case (CSIV), it has to be highlighted that the wave model, as it is known, underestimates the wave parameters, as Rusu et al. showed [41] . However, it was also found by Rusu and Guedes Soares [42] and by Conley and Rusu [43] that even in such extreme situations the high-resolution computational framework SWAN provides generally reliable results, although they are less accurate than in the case of the average wave conditions. The definitions of Following the analysis of the results presented in Figures 3 and 4 , four different relevant situations from the point of view of the magnitude of the significant wave height (Hs) have been defined. They are denoted as case studies and will be further considered and studied in more detail. The above case studies considered as more representative are: CSI-total average conditions; CSIIaverage wintertime conditions; CSIII-high (no storm) wave conditions, and CSIV-extreme wave conditions. For the conditions of the last case (CSIV), it has to be highlighted that the wave model, as it is known, underestimates the wave parameters, as Rusu et al. showed [41] . However, it was also found by Rusu and Guedes Soares [42] and by Conley and Rusu [43] that even in such extreme situations the high-resolution computational framework SWAN provides generally reliable results, although they are less accurate than in the case of the average wave conditions. The definitions of Following the analysis of the results presented in Figures 3 and 4 , four different relevant situations from the point of view of the magnitude of the significant wave height (H s ) have been defined. They are denoted as case studies and will be further considered and studied in more detail. The above case studies considered as more representative are: CSI-total average conditions; CSII-average wintertime conditions; CSIII-high (no storm) wave conditions, and CSIV-extreme wave conditions. For the conditions of the last case (CSIV), it has to be highlighted that the wave model, as it is known, underestimates the wave parameters, as Rusu et al. showed [41] . However, it was also found by Rusu and Guedes Soares [42] and by Conley and Rusu [43] that even in such extreme situations the high-resolution computational framework SWAN provides generally reliable results, although they are less accurate than in the case of the average wave conditions. The definitions of these case studies in terms of significant wave height and peak period, corresponding to the offshore boundary of the third computational level considered (denoted as local), are presented in Table 3 . At the same time, for these case studies, Figure 5 presents the wave transformation in the third computational level, considering the most frequent direction of the incoming waves, waves coming from the northwest. these case studies in terms of significant wave height and peak period, corresponding to the offshore boundary of the third computational level considered (denoted as local), are presented in Table 3 . At the same time, for these case studies, Figure 5 presents the wave transformation in the third computational level, considering the most frequent direction of the incoming waves, waves coming from the northwest. these case studies in terms of significant wave height and peak period, corresponding to the offshore boundary of the third computational level considered (denoted as local), are presented in Table 3 . At the same time, for these case studies, Figure 5 presents the wave transformation in the third computational level, considering the most frequent direction of the incoming waves, waves coming from the northwest. 
Study of the Tide and Wind Influences in the High Resolution Computational Domain
A more realistic understanding of the uncertainties in the wave energy resources assessment, especially as regards their variability and predictability, is key to any wave energy project [44, 45] . From this perspective, this section will focus on evaluating the influence on the wave conditions of some parameters of the environmental matrix, especially tide and wind. Thus, the main objective of the work is to study in more detail the wave transformation in the coastal area that includes the WaveRoller farm and also to assess in a more accurate way the local effects of the tide and wind on the waves propagating in the vicinity of the wave energy converters. For this, a high-resolution computational domain (denoted as level IV) was also defined and it was connected to the wave prediction system. The geographical space of this high-resolution computational domain is illustrated in Figure 6 . Its main characteristics are presented in Table 2 , together with those corresponding to the other computational levels.
Five reference points (denoted P1, P2, P3, P4, and P5) have been considered for further analysis and their positions are also illustrated in Figure 6 . The point P3 is close to the location of the WaveRoller farm.
The tide conditions were evaluated according to the Tide Tables provided by the Hydrographic Institute of the Portuguese Navy [46] for the years 2012-2014. According to these data, five different levels have been defined, between the low and high tide conditions. They correspond to 0.16 m, 1.1 m, 2.04 m, 2.98 m, and 3.92 m above the hydrographic zero, respectively, and are accounted for in the high-resolution wave model simulations. These five tide levels are presented in Table 3 , denoted as T1, T2, T3, T4, and T5. The variation of the water depth due to these five tide levels along the reference points is illustrated in Figure 7 . The importance of adding tides into the wave energy study is that they significantly alter the wave's properties and consequently the local wave power resource [47] . . Location in geographical space (corresponding to the third computational level) of the highresolution computational domain (corresponding to the fourth computational level) and the positions of the five reference points considered, denoted P1, P2, P3, P4, and P5, from shallow to deep water. In the background the bathymetric map is illustrated, while in the foreground the wave vectors corresponding to the most common propagation pattern.
Having as a basis the analysis of the wave conditions presented in Figure 3 , three different mean wave directions of the wave propagation on the external boundary of the high-resolution computational domain have been considered for each case study. These are, in nautical terms, Dir1 = 270°, Dir2 = 300°, and Dir3 = 330°. For more efficiency, the position of the wave farm should be perpendicular to the wave direction that contributes with more wave power. Following now the wind conditions presented in Figure 4 , three different intensities for the wind speed have been considered. These are denoted as: W0 (no wind situation), W7 (average value for the wind speed, Vw = 7 m/s), and W22 (high value of the wind speed, Vw = 22 m/s). Furthermore, for cases W7 and W22 both directions of following and opposite wind have been taken into account. . Location in geographical space (corresponding to the third computational level) of the high-resolution computational domain (corresponding to the fourth computational level) and the positions of the five reference points considered, denoted P1, P2, P3, P4, and P5, from shallow to deep water. In the background the bathymetric map is illustrated, while in the foreground the wave vectors corresponding to the most common propagation pattern.
Having as a basis the analysis of the wave conditions presented in Figure 3 , three different mean wave directions of the wave propagation on the external boundary of the high-resolution computational domain have been considered for each case study. These are, in nautical terms, Dir1 = 270 • , Dir2 = 300 • , and Dir3 = 330 • . For more efficiency, the position of the wave farm should be perpendicular to the wave direction that contributes with more wave power. Following now the wind conditions presented in Figure 4 , three different intensities for the wind speed have been considered. These are denoted as: W0 (no wind situation), W7 (average value for the wind speed, V w = 7 m/s), and W22 (high value of the wind speed, V w = 22 m/s). Furthermore, for cases W7 and W22 both directions of following and opposite wind have been taken into account. Corresponding to this set of simulations, the main wave parameters analysed were significant wave height (Hs) and mean wave direction (Dir) computed by the spectral model using the standard definitions [37] . Additionally, two other wave parameters were also evaluated. The first is the significant wave height of the swell (Hsw), which is the significant wave height associated with the low frequency part of the spectrum, defined as:
where ω, θ represents the wave energy spectrum in terms of absolute radian wave frequency (ω), (θ) is the wave direction, and ωsw = 2πfsw, the swell frequency (fsw) was considered here to be 0.1 Hz. The second is the wave power over one meter of wave front. In SWAN, the wave power components (expressed in W/m, i.e., energy transport per unit length of wave front) are computed with the relationships:
where x, y are the problem coordinate system (for the spherical coordinates x axis corresponds to the longitude and y axis to the latitude), ρ is the water density, g is the gravity acceleration, and cx, cy are the propagation velocities of the wave energy in the geographical space. The absolute value of the wave power is:
The dynamics of the above mentioned wave parameters in relationship with the case studies and all the situations considered (as defined in Table 3 ) is analysed in the next section.
Results and Discussion
The first group of results is presented in Figure 8 . This illustrates for all four case studies considered (CS1, CS2, CS3, and CS4) the situations corresponding to the no-wind condition. Corresponding to this set of simulations, the main wave parameters analysed were significant wave height (H s ) and mean wave direction (Dir) computed by the spectral model using the standard definitions [37] . Additionally, two other wave parameters were also evaluated. The first is the significant wave height of the swell (H sw ), which is the significant wave height associated with the low frequency part of the spectrum, defined as:
where E (ω, θ) represents the wave energy spectrum in terms of absolute radian wave frequency (ω), (θ) is the wave direction, and ω sw = 2πf sw , the swell frequency (f sw ) was considered here to be 0.1 Hz. The second is the wave power over one meter of wave front. In SWAN, the wave power components (expressed in W/m, i.e., energy transport per unit length of wave front) are computed with the relationships:
where x, y are the problem coordinate system (for the spherical coordinates x axis corresponds to the longitude and y axis to the latitude), ρ is the water density, g is the gravity acceleration, and c x , c y are the propagation velocities of the wave energy in the geographical space. The absolute value of the wave power is:
The first group of results is presented in Figure 8 . This illustrates for all four case studies considered (CS1, CS2, CS3, and CS4) the situations corresponding to the no-wind condition. This figure presents the variations of the parameters significant wave height (Figure 8a ) and significant wave height of the swell (Figure 8b ) along the five points (P1, P2, P3, P4, and P5), for the three wave directions (D1 = 270°, D2 = 300°, and D3 = 330°) and the five tide conditions (T1, T2, T3, T4, and T5). The plots show that as the wave direction became more from the north, the wave parameters (Hs and Hsw) for all points of all cases increased, but to a lesser extent for CS1 and CS2, which are the cases for total and winter averages, respectively. With the increase of the tide, the parameters tend to decrease and this becomes more visible in CS3. The differences in these decreases become higher from deep to shallow water. Although the variations of Hs and Hsw are similar, Hsw presents slightly lower values. For all the case studies except CS4, the lowest values of the parameters are encountered at the reference point P5 (which is located in the deepest water), increasing as the water becomes shallower. This feature is best visible for CS3, but it is also characteristic for CS1 and CS2. The explanation of this behaviour is the shoaling process that induces an enhancement of the waves as they propagate from intermediate water depth to shallow water.
The average (7 m/s) and high (22 m/s) wind conditions, resulting from the analysis of Figure 4 , considering the situations of following wind, when the wind and the wave directions are almost the same, and of opposite wind, when the wind and wave direction are opposite, were introduced into the model simulations at levels III and IV. The corresponding results for the parameters Hs and Hsw are presented in Figures 9-12 , following the same representation as in Figure 8 .
In each of these figures, subplot (a) is related to the situation of the following wind while subplot (b) is related to the situation of the opposite wind. In Figure 9 (Hs in average wind), the general tendencies are rather similar to those presented in Figure 8 . We can observe, however, that in the case of the following wind (Figure 9a ), the significant wave heights are higher than in the case of the opposite wind (Figure 9b ). The same trend is also noticeable in Figure 10 (Hsw in average wind). This figure presents the variations of the parameters significant wave height (Figure 8a ) and significant wave height of the swell (Figure 8b ) along the five points (P1, P2, P3, P4, and P5), for the three wave directions (D1 = 270 • , D2 = 300 • , and D3 = 330 • ) and the five tide conditions (T1, T2, T3, T4, and T5). The plots show that as the wave direction became more from the north, the wave parameters (H s and H sw ) for all points of all cases increased, but to a lesser extent for CS1 and CS2, which are the cases for total and winter averages, respectively. With the increase of the tide, the parameters tend to decrease and this becomes more visible in CS3. The differences in these decreases become higher from deep to shallow water. Although the variations of H s and H sw are similar, H sw presents slightly lower values. For all the case studies except CS4, the lowest values of the parameters are encountered at the reference point P5 (which is located in the deepest water), increasing as the water becomes shallower. This feature is best visible for CS3, but it is also characteristic for CS1 and CS2. The explanation of this behaviour is the shoaling process that induces an enhancement of the waves as they propagate from intermediate water depth to shallow water.
The average (7 m/s) and high (22 m/s) wind conditions, resulting from the analysis of Figure 4 , considering the situations of following wind, when the wind and the wave directions are almost the same, and of opposite wind, when the wind and wave direction are opposite, were introduced into the model simulations at levels III and IV. The corresponding results for the parameters H s and H sw are presented in Figures 9-12 , following the same representation as in Figure 8 .
In each of these figures, subplot (a) is related to the situation of the following wind while subplot (b) is related to the situation of the opposite wind. In Figure 9 (H s in average wind), the general tendencies are rather similar to those presented in Figure 8 . We can observe, however, that in the case of the following wind (Figure 9a ), the significant wave heights are higher than in the case of the opposite wind (Figure 9b ). The same trend is also noticeable in Figure 10 (H sw in average wind). Although the general trends of Figures 11 and 12 (high wind) are in some sense similar to the corresponding ones in Figures 9 and 10 (average wind), there are some particularities that can be better noticed in high-wind situations. In terms of significant wave heights, in the situation of the following wind, this implies an enhancement of more than 2 m for CS1 and CS2; this enhancement decreases to about 1.5 m and 1 m in CS3 and CS4, respectively. Although the general trends of Figures 11 and 12 (high wind) are in some sense similar to the corresponding ones in Figures 9 and 10 (average wind), there are some particularities that can be better noticed in high-wind situations. In terms of significant wave heights, in the situation of the following wind, this implies an enhancement of more than 2 m for CS1 and CS2; this enhancement decreases to about 1.5 m and 1 m in CS3 and CS4, respectively. Although the general trends of Figures 11 and 12 (high wind) are in some sense similar to the corresponding ones in Figures 9 and 10 (average wind), there are some particularities that can be better noticed in high-wind situations. In terms of significant wave heights, in the situation of the following wind, this implies an enhancement of more than 2 m for CS1 and CS2; this enhancement decreases to about 1.5 m and 1 m in CS3 and CS4, respectively. In the case of the opposite wind, some interesting results can be noticed in relationship with CS1 and CS2 when an enhancement of about 0.5 m (or more) occurs. On the other hand, for CS3 and CS4 there are no notable differences in comparison with the average wind situation. As regards Hsw, the general tendencies are similar to those related to Hs. In the situation of the following wind this implies now an enhancement of about 1.5 m for CS1, CS2, and CS3 and this enhancement decreases to less than 1 m in CS4. Nevertheless, in the case of the opposite wind an enhancement of about 0.5 m (or more) occurs again in CS1 and CS2, but only for the direction D1. For the other two directions considered (D2 and D3), there is no enhancement of this parameter, and moreover even a small decay appears. In order to better assess the variation range of the main wave parameters, the numerical results corresponding to the reference points of the WaveRoller device and seaward (P3, P4, and P5) In the case of the opposite wind, some interesting results can be noticed in relationship with CS1 and CS2 when an enhancement of about 0.5 m (or more) occurs. On the other hand, for CS3 and CS4 there are no notable differences in comparison with the average wind situation. As regards Hsw, the general tendencies are similar to those related to Hs. In the situation of the following wind this implies now an enhancement of about 1.5 m for CS1, CS2, and CS3 and this enhancement decreases to less than 1 m in CS4. Nevertheless, in the case of the opposite wind an enhancement of about 0.5 m (or more) occurs again in CS1 and CS2, but only for the direction D1. For the other two directions considered (D2 and D3), there is no enhancement of this parameter, and moreover even a small decay appears. In order to better assess the variation range of the main wave parameters, the numerical results corresponding to the reference points of the WaveRoller device and seaward (P3, P4, and P5) In the case of the opposite wind, some interesting results can be noticed in relationship with CS1 and CS2 when an enhancement of about 0.5 m (or more) occurs. On the other hand, for CS3 and CS4 there are no notable differences in comparison with the average wind situation. As regards H sw , the general tendencies are similar to those related to H s . In the situation of the following wind this implies now an enhancement of about 1.5 m for CS1, CS2, and CS3 and this enhancement decreases to less than 1 m in CS4. Nevertheless, in the case of the opposite wind an enhancement of about 0.5 m (or more) occurs again in CS1 and CS2, but only for the direction D1. For the other two directions considered (D2 and D3), there is no enhancement of this parameter, and moreover even a small decay appears. In order to better assess the variation range of the main wave parameters, the numerical results corresponding to the reference points of the WaveRoller device and seaward (P3, P4, and P5) and to the extreme values of the tide level (T1 and T5) are presented separately for each case study in Tables 4-7 , respectively. The values show what was mentioned before, that with the wave direction coming more from the north (330 • ), there is an increase of the wave parameters Hs and Hsw. In the case of tidal variations, the values decrease as this parameter increases. For CS1 and CS2 the differences between these points (P3, P4, and P5) are insignificant, but increase from CS3 to CS4, with P3 having the highest values and P5 the lowest. Table 4 . SWAN results for CS1, corresponding to the reference points P3, P4, and P5, the tide levels T1 and T5, and the wind conditions W0, W7, and W22, in terms of the wave parameters H s , H sw , and P w . Table 5 . SWAN results for CS2, corresponding to the reference points P3, P4, and P5, the tide levels T1 and T5, and the wind conditions W0, W7, and W22, in terms of the wave parameters H s , H sw , and P w . Another wave parameter that will be analysed, also presented in the previous tables, is the wave power over one meter of wave front (P w ). Figures 13-15 illustrate the variation of this parameter along the five reference points, for the three wave directions previously considered (D1 = 270 • , D2 = 300 • , and D3 = 330 • ) and for the five different tide levels, just like in the preceding figures.
CS1
Comparing the variations of the wave power presented in Figures 13-15 , with the variations of the parameters H s and H sw presented in Figures 8-12 , it can be seen that P w is a very sensitive parameter to both wind and tide conditions. At this point, it can be also highlighted that the variations of the wave power presented in Figures 13-15 give a quantitative representation of the way how this parameter is changed under various wave conditions and tide levels. These can be used to directly estimate the wave power in the target area for various conditions and also compared with similar results obtained in other coastal environments where wave energy farms are operating, or are going to be implemented. Figure 13 . No-wind conditions: wave power (Pw) variations along the reference points corresponding to the three different directions of the incoming waves (D1, D2, D3) and to the five tide conditions (T1, T2, T3, T4, and T5) for all the case studies considered (CS1, CS2, CS3, CS4). Figure 13 . No-wind conditions: wave power (P w ) variations along the reference points corresponding to the three different directions of the incoming waves (D1, D2, D3) and to the five tide conditions (T1, T2, T3, T4, and T5) for all the case studies considered (CS1, CS2, CS3, CS4). Comparing the variations of the wave power presented in Figures 13-15 , with the variations of the parameters Hs and Hsw presented in Figures 8-12 , it can be seen that Pw is a very sensitive parameter to both wind and tide conditions. At this point, it can be also highlighted that the variations of the wave power presented in Figures 13-15 give a quantitative representation of the way how this parameter is changed under various wave conditions and tide levels. These can be used to directly estimate the wave power in the target area for various conditions and also compared with similar results obtained in other coastal environments where wave energy farms are operating, or are going to be implemented.
In relationship to the variation of the mean wave direction, the same trend as in the case of the previous parameters analysed (Hs and Hsw) is observed. However, this time the differences are relatively more significant. Thus, Pw increases as the incoming wave direction on the external boundary is increased from 270° to 330°. In the case of the wind, until we get to the average speed values for both the following and opposite wind directions, the influence is not really visible. As for tides, the variation of Pw is much more visible than Hs and Hsw in the shallowest points (P1 and P2).
Taking into account the analysis of the mean wave direction in the target area presented in In relationship to the variation of the mean wave direction, the same trend as in the case of the previous parameters analysed (H s and H sw ) is observed. However, this time the differences are relatively more significant. Thus, P w increases as the incoming wave direction on the external boundary is increased from 270 • to 330 • . In the case of the wind, until we get to the average speed values for both the following and opposite wind directions, the influence is not really visible. As for tides, the variation of P w is much more visible than H s and H sw in the shallowest points (P1 and P2).
Taking into account the analysis of the mean wave direction in the target area presented in Figure 3 , the most frequent wave conditions correspond to mean wave directions between D2 and D3. From this perspective, the results corresponding to these two directions should be considered statistically more relevant. Corresponding to the wave directions between D2 and D3, the wave power for the average wind has values in the ranges 10-20 kW/m for CS1 and CS2 and 50-70 kW/m for CS3. As regards CS4, which is the most energetic case, the range is considerably wider, 100-180 kW/m.
For the high wind conditions, while the opposite wind does not much influence the Pw variation, the following wind leads to an enhancement of this parameter between the directions D2 and D3 to values in the ranges 50-80 kW/m for CS1 and CS2 and 90-140 kW/m for CS3. For CS4, the range of the wave power now becomes 110-220 kW/m. Finally, it has to be highlighted that in this situation of high wind conditions, the tide level influenced all the cases, CS4 in a strong way and CS2 and CS1less so.
Conclusions
The present work presents a study on the influence of the local tide and wind on the wave conditions at the Portuguese nearshore, close to the city of Peniche. For this purpose, a wave prediction system, based on the spectral phase averaged model SWAN, was focused on the target area in a multi-level modelling scheme. This included four computational levels, corresponding to the entire west Iberian nearshore (Level I), the central part of the Portuguese nearshore (Level II), the vicinity of Cape Peniche (Level III), and finally a high-resolution computational domain centred on the site where the WaveRoller devices operate (Level IV), respectively. In these new set of simulations, the tide effect has been also accounted for.
The results show that P w is the most sensitive parameter when comparing with H s and H sw . For the same H s of the incoming waves, the highest sensitivity occurs in relationship with the wave direction. Thus, the expected wave power is lower when the wave direction is from the west and increases gradually, but in a substantial way, as the direction of the incoming waves moves to the north. As regards the tide, its influence becomes visible mostly for the high waves (when the process of wave breaking starts earlier). This especially concerns reference points P1 and P2, which are located in shallower water (between 7.5 m and 14 m, as a function of the tide conditions). While the average wind conditions (7-8 m/s) do not significantly influence the distribution of the wave power, the high-intensity following wind leads to a visible enhancement of the wave power, but also to a higher sensitivity of this parameter to the tide variations.
